ABSTRACT
1
These vulnerable populations of adolescents not only contend with disadvantage at the family level but also at the peer group, neighborhood, and school level. For example, disadvantaged adolescents navigate environments where their classmates and understand the role of disadvantage on obesity during this period.
The ecological model of human development emphasizes that individuals are influenced by the environments in which they are embedded, including the family, peer group, neighborhood, and school. 6 These environments are conceptualized as nested systems and represent increasingly larger contexts of the social environment in which adolescents live, learn, mature, and interact with others. They impact available resources and opportunities, relationships and ties to others, and are subject to accepted norms of behavior. 7 All levels operate together to influence adolescent development, including health behaviors and health status such as obesity.
Although there is a body of research linking family, peer, neighborhood, and school contexts to obesity in childhood and adolescence, prior research has not examined all these contexts simultaneously. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Furthermore, most research has utilized cross-sectional rather than longitudinal data, overlooking how these relationships may change over time. 18 Because social disadvantage in one context is correlated with disadvantage in multiple contexts and across time, to fully understand how socioeconomic disadvantage is related to obesity requires modeling multiple levels of disadvantage across the early life course. 19, 20 Adolescence and young adulthood are critical stages in the life course during which lifestyle and healthrelated behaviors are established and the risk of obesity is high. [21] [22] [23] Socioeconomic disparities in obesity increase dramatically during these periods and often persistent into later adulthood, disproportionately impacting the likelihood of chronic disease and further compounding economic well-being for disadvantaged populations. [24] [25] [26] [27] [28] Adolescence and young adulthood are life stages when young people have more autonomy and control in decision-making regarding their behaviors, including those related to their health, and are especially influenced by the expanding social environments in which they are embedded. 19 Our objective was to investigate the unique influence of various levels of social disadvantage simultaneously, using nationally representative longitudinal data. We created measures of socioeconomic disadvantage across multiple contexts, including the family, peer, school and neighborhood, and used multilevel modeling, a methodology that allows for the simultaneous examination of the effects of group-level and individual-level predictors 29 to determine what levels of context were significantly associated with obesity during adolescence and young adulthood.
This study contributes to the literature by modeling multiple levels of disadvantage and its relationship to obesity across the early life course. It also serves to ascertain the contexts most salient to obesity in early life. A better understanding of the social contexts in which adolescents are embedded and how they are associated with obesity may point the field to where opportunities for interventions are relatively more strategic to reduce the risk of obesity in adolescence and young adulthood.
METHODS

Participants
We used the National Longitudinal Study of Adolescent Health (Add Health), a nationally representative study of adolescents in grades 7-12 in 1995 designed to explore the influence of social context on health and health behaviors. 30 Schools were selected using a stratified cluster design, and adolescents (N = 20,745) and a parent (N = 17,713) were randomly selected from school rosters for the Wave I (WI) in-home interview (1995). Adolescents were re-interviewed in Waves II (WII:1996), III (WIII:2001 (WIII: -2002 , and IV (WIV:2007-2009). Seniors in WI were not followed up in WII as part of the Add Health design but were re-interviewed in WIII and WIV. 30 Over 70% of sampled schools participated, with adolescent interview completion rates of 78.9%, 88.6%, 77.4%, and 80.3% for WI, WII, WIII, and WIV, respectively, and 85% parent participation.
Our sample included individuals who participated in WI-WIII (N = 10,828), had parent, peer, neighborhood, and school information, and measured height and weight by trained interviewers in WII and WIII. We did not include self-reported height and weight from WI because of the well-known bias associated with self-reported measures. 31, 32 Additional exclusions included seriously disabled and pregnant (N = 261) adolescents and those with no friendship information (N = 1121), leaving a sample of 6321. Compared with individuals not included, individuals in the sample were younger (14.85 34 Race/ethnicity was included as a control because of the confounding of race/ethnicity and socioeconomic status (SES). 35 Social Disadvantage Covariates. We chose parent education as our measure of disadvantage at each level of social context for the following reasons. First, models that include multiple measures of SES aggregated at the same level (ie, neighborhood poverty, unemployment, and education) would introduce multicollinearity. Second, education has a large and persistent association with health behaviors and health status. 36 Third, unlike parent education, 30% of the sample had missing parental income information. Last, there is precedent for using parent education in the social science literature. Previous research has used parent/adult education at the family, peer, school, and neighborhood levels as a proxy for SES when studying multiple child and adolescent health outcomes, including obesity. 12, 14, 37, 38 Family-Level Disadvantage. To classify family disadvantage, we included a measure of welfare/poverty status, defined as any welfare receipt before the age of 18 or family income less than poverty level (income less than $16,000 [roughly the poverty level for a family of 4 in 1994]), and parent education, defined as receipt of a high school degree or less for the highest educated parent. This definition was based on a growing body of literature linking poverty status and public assistance receipt to obesity. 39 The inclusion of welfare also mitigates the problem of item nonresponse for parental income.
40
Peer-Level Disadvantage. In Add Health, students nominated up to 5 male and 5 female friends within their school, which could be linked back to nominated peers' own questionnaires to determine peer group characteristics. Peer-level disadvantage was a continuous measure of the percentage of individuals from the peer group with a (highest educated) parent with a high school degree or less; ie, if a respondent nominated 8 friends and 4 had a parent who received a high school degree or less, then 50% (4/8) of his/her peer group was classified as disadvantaged.
School-Level Disadvantage. School-level disadvantage was a continuous measure of the percentage of students in a respondent's school with a (highest educated) parent with a high school degree or less; ie, if a respondent's school contains 1000 students and 200 of the students in that school had a parent with a high school degree or less, then 20% (200/1000) of his/her school was classified as disadvantaged.
Neighborhood-Level
Disadvantage. Contextual data containing census information on the characteristics of the neighborhoods in which respondents lived in WI were linked to each respondent. Neighborhood was defined by census block group. 41 Neighborhoodlevel disadvantage was a continuous measure of the proportion of individuals in a neighborhood aged 25 years and over with no high school diploma. A neighborhood-level measure of the proportion of individuals in a neighborhood aged ≥25 years with a high school degree or less (similar to our other contextual measures of parent education) was not available. We also included a measure of urbanicity (completely urbanized versus areas including rural regions) to account for regional differences in the prevalence of disadvantage and obesity.
42,43
Data Analysis
Means and standard errors for descriptive statistics were weighted to account for unequal probability of selection and adjusted for survey design effects to yield nationally representative estimates. Multilevel logistic regression with random effects (2-level random intercepts model) was used for bivariate and multivariate analysis. 29 Multilevel models account for the nesting of individuals (peers and neighborhoods) within schools. Multilevel modeling is used to investigate the unique influence of each level of disadvantage on obesity risk, adjusting for the lack of independence among individuals who share the same context. 29 We employed a 2-level model: individuals (and their families) represent level 1 and schools represent level 2. Peer context is associated with individuals (level 1) given that peer groups represent respondents' nominations within their school. In the school-based design of Add Health, neighborhoods (block groups) are nested within schools (level 2). 30 High schools and the associated feeder school (middle or junior high) drew from multiple neighborhoods within the school boundary. 30 Multilevel models adjust the variance estimates for the non-independence of adolescents who share the same school context (ie, the larger spatial context) and, by extension, adjust for clustering of adolescents within neighborhoods.
We examined the bivariate association between each level of disadvantage at WI (adolescence) and obesity at WII (adolescence), and WIII (young adulthood), separately. Multivariate multilevel modeling was used to investigate the independent association of each level of disadvantage with obesity risk in adolescence (WII) and adulthood (WIII). Model 1 (null model) included a constant term and determined school-level variability in obesity across schools, also known as the intraclass correlation (ICC). Model 2 included the individual-and family-level (level 1) variables for race/ethnicity, age, parent obesity, family In models where WIII obesity was the outcome, we also controlled for obesity at WII. Because results do not differ qualitatively between weighted and unweighted models, we present unweighted bivariate/multivariate results. 44 We performed sex-stratified analyses, given that disadvantage might operate differently in influencing obesity risk for male and female adolescents. 9, 13, 45 We used Stata 9 (StataCorp LP, College Station, TX) for all analyses. Correlations across measures of family-, school-, peer-, and neighborhoodlevel disadvantage were moderate to low, ranging from .25 to .49. Table 1 describes demographic characteristics of the sample, with a slightly higher proportion of females and a racial/ethnic distribution consistent with national estimates. Obesity prevalence doubled from WII to WIII. Socioeconomic composition of respondents' peers and school, measured by parent education, were similar to national school estimates of percentage of students eligible for free or reducedprice lunch (37.8%).
RESULTS
Sample Characteristics
46,47 Table 2 shows the bivariate relationships (odds ratios) between each measure of disadvantage and obesity in adolescence (WII) and young adulthood (WIII) (which includes a lagged measure of WII obesity) by sex. Generally, disadvantage at each level of context was associated with increased odds of being obese. Tables 3 and 4 provide the multivariate multilevel odds ratios results for obesity in adolescence (WII) and young adulthood (WIII) by sex.
Obesity in Adolescence (WII) (Females)
About 8% of the variance in obesity in adolescence was located between schools (ICC = 0.077; SE = 0.027) (Model 1 null model not shown). Family-level disadvantage was associated with obesity, as well as Black race, older age, and having an obese parent (Model 2). School-level disadvantage was positively related to obesity at WII, reducing familylevel disadvantage to insignificance in Model 3. Neither neighborhood-level disadvantage (Model 4) nor peerlevel disadvantage (Model 5) were significantly related to obesity. School-level disadvantage remained significantly related to obesity across all models.
Obesity in Young Adulthood (WIII) (Females)
About 6% of the variance in obesity in young adulthood was located between schools (ICC = 0.060; SE = 0.016) (Model 1 not shown). Obesity in adolescence, having an obese parent, Black and other race, and family-level disadvantage were significantly associated with higher odds of obesity in young adulthood (Model 2). Asian race was associated with lower odds of obesity. School-level disadvantage was significantly related to obesity and slightly reduced the magnitude of the other significant variables in Model 3. However, the inclusion of neighborhood-level disadvantage reduced the school-level disadvantage to insignificance (Model 4). Peer-level disadvantage was not significantly related to obesity (Model 5). When examining all levels of social disadvantage simultaneously, family-level disadvantage remained significantly related to obesity.
Obesity in Adolescence (WII) (Males)
About 4% of variance in obesity in adolescence was located between schools (ICC = 0.043; SE = 0.022) 
Obesity in Young Adulthood (WIII) (Males)
About 2% of the variance in obesity in young adulthood was located between schools (ICC = 0.023; SE = 0.011) (Model 1 not shown). Obesity in adolescence, parent obesity, family-level disadvantage, and age were significantly related to obesity in young adulthood (Model 2). In Model 3, the inclusion of school-level disadvantage reduced family-level disadvantage to insignificance; however, school-level disadvantage was not significantly related to obesity. Neighborhood-level disadvantage (Model 4) and peerlevel disadvantage (Model 5) were not significantly related to obesity.
DISCUSSION
We simultaneously assessed the relationship between multiple levels of disadvantage (family-, peer-, school-, and neighborhood-level disadvantage) during adolescence with the risk of obesity in adolescence and young adulthood using multilevel models. Our results showed that when all levels of disadvantage were included, only school-level disadvantage remained significantly associated with obesity in adolescence for both males and females. With our data, we could not identify what aspects of the school environment may be contributing to obesity; however, our findings could provide support for prioritization of schools as a primary setting for obesity prevention efforts, consistent with the recommendations of the Institute of Medicine (IOM) Committee on Prevention of Obesity in Children. 48 Policies for improving school nutrition and increasing physical activity may therefore be particularly salient in the national effort to reduce rates of adolescent obesity. 21, 48 Our findings are consistent with previous studies that have found school-level disadvantage to be an important determinant of BMI in adolescence. In a multilevel analysis using WI Add Health data, Richmond and colleagues 13, 44 found that school-level disadvantage was associated with levels of physical activity as well as BMI among adolescents. They controlled for family SES, but did not account for neighborhood disadvantage or other levels of social context relevant to adolescence, such as peer groups. In a school-based sample of Canadian adolescents in grades 6-12, Janssen and colleagues 12 also found that area-level SES measures were associated with obesity and physical inactivity after accounting for family SES. A recent review discusses additional studies that examine the association between neighborhood disadvantage and child adiposity. 18 However, most of these studies were based on cross-sectional, rather than longitudinal analyses, limiting their ability to sort out the directionality of these relationships. 18 We found that school-level disadvantage in adolescence was not significantly associated with obesity by the time the Add Health cohort reached young adulthood (WIII). This is not surprising given that individuals in WIII were 6-7 years beyond secondary school. Schools are an important social context in adolescence, but by young adulthood, individuals have 
Family structure
Step family entered/completed college, entered the work setting, and may be involved in stable romantic relationships. Our finding that family-level disadvantage remained significantly related to obesity for young adult females highlights the potentially important role of family and, in particular, parents on long-term health outcomes. Studies show that parents have a strong influence on obesity-related lifestyle behaviors during childhood. 48 Therefore, we speculate that this influence, whether positive or negative, can persist into adulthood. In contrast, for males, we found no significant relationships between any level of disadvantage and obesity in adulthood, which is consistent with previous research which has shown that men's obesity status is less sensitive to measures of SES. 49 These gender differences remain largely unexplained and are an important area for future research. These patterns may reflect gender differences in strategies used to cope with stress resulting from social disadvantage. For example, whereas young males may be more likely to use violence and physical activity, females may turn to sedentary behaviors and overeating as coping mechanisms-behaviors that increase the likelihood of obesity incidence. 50, 51 However, more empirical research is needed to test these postulations.
Interestingly, although peer and neighborhood contexts were significantly related to obesity in bivariate models, they were not significantly related to obesity in models that included both familyand school-level disadvantage. This suggests that the school context may convey more appearancebased influence, which varies by social disadvantage, whereas peer influence is based more on social interaction (ie, more relevant for delinquency, sexual behavior, substance use). The neighborhood may simply be a less salient social environment for adolescents, because adolescents spend a majority of time in school and build their social networks there. This may also be the case in Add Health because multiple neighborhoods are represented in a single school. Indeed, the correlation between school-level and neighborhood-level disadvantage in this analysis was .47 for females and .49 for males. The school environment has been linked to multiple health outcomes and behaviors in addition to weight status, such as asthma, 52 depression, 53 and dieting, 3 underscoring the importance of this context for influencing adolescent health.
Limitations
Limitations of our analysis include the use of schoolbased peer information. Because peer composition of disadvantage tends to be very similar to school composition of disadvantage in this sample (correlation = .46 females; .45 males), school-based peers may serve as a proxy for the school environment. Information on peers outside of the schools that adolescents attended may have provided different results. In addition, selection bias can occur at the peer level. It is possible that peers exert little influence on individuals, but rather individuals select friends that are similar to them (eg, rich students choose rich friends). 54 However, this type of selection would overstate the influence of peers. This is less of a concern given that peer context was not significant in this analysis. Despite this limitation, our peer measures are more valid and do not suffer from self-reflection bias given they are based on actual peer responses than on respondent reports of peer characteristics.
We acknowledge that selection could also occur at the neighborhood and school level. Parents with attributes that are not easily observed may have a reason to choose a particular school or neighborhood. 55 This is problematic because instead of capturing true contextual effects of neighborhoods and schools, we may have captured differential selection into schools and neighborhoods or unmeasured factors that affects the choice of both the neighborhood (and/or the school) and one's health. In an attempt to minimize selection bias, we controlled for family background characteristics associated with intentional selection into schools and neighborhoods, and also associated with health, such as parent obesity. We also ran analysis using additional measures of school-, peer-, and neighborhood-level disadvantage including aggregate measures of poverty and unemployment and find similar results (not shown).
Due to our exclusion criteria, our analytic sample was slightly more advantaged than the full Add Health sample, potentially underestimating the impact of disadvantage on obesity. However, this gives us confidence in the importance of the effects we do find, given they may be more conservative. In addition, the lack of a parallel neighborhood-level measure of parent education of high school or less means comparisons with aggregate measures of parent education at the schoolor peer-level should be interpreted with caution. However, sensitivity analysis using aggregate measures of poverty and unemployment produced similar results, providing some confidence in our conclusions.
We also cannot capture factors related to the incidence of obesity prior to adolescence. Therefore, we cannot be certain that additional contextual measures not captured in adolescence are related to obesity incidence in adolescence and young adulthood. However, it should be noted that about 12% of the sample became obese between WII and WIII. In addition, our inclusion of a lagged measure of obesity in adolescence when examining obesity in young adulthood helps to account for the greater risk of obesity in young adulthood among individuals already obese in adolescence.
Last, our use of secondary analysis precludes including important measures that might be associated with obesity and disadvantage that are not included in the Add Health data, such as school policies and programs associated with eating behavior and physical activity. Only through primary data collection could these additional measures be obtained, but it is unlikely that data on the large scale available from Add Health could be readily collected. It should also be noted that there are additional risk factors for obesity that were not included in this analysis, such as genetic propensity (although a control for parental obesity helps to account for this), and personal attributes such as self-efficacy. However, the inclusion of these measures was beyond the scope of these analyses.
Strengths of this study include use of a nationally representative sample of individuals with racial/ethnic and socioeconomic diversity; sophisticated multilevel methodology; and the longitudinal design over multiple time points, which distinguish the changing role of social context on obesity in the transition from adolescence into adulthood.
Conclusions
A large body of research has identified contextual disadvantage as an important underlying determinant of obesity, as well as other health outcomes. Although this research has identified the relation between school-level disadvantage and adolescent obesity, future research should examine the mechanisms which account for these associations. Understanding the unique barriers to physical activity and healthy eating in disadvantaged schools will be a particularly important direction for policy research and evaluation. In addition, future research should continue to disentangle what contexts are most salient for obesity prevention and intervention strategies across the life course, particularly among vulnerable populations.
IMPLICATIONS FOR SCHOOL HEALTH
Although family-, peer-, school-, and neighborhood-level disadvantage are associated with obesity in both adolescence and young adulthood, when all levels of disadvantage were considered simultaneously, only school-level disadvantage was associated with obesity in adolescence, and only family-level disadvantage was associated with obesity in young adulthood. There has been a recent emphasis on the school context for reducing obesity risks by limiting the availability of snacks and drinks with high sugar and salt content (eg, soda), but critics have argued that returning to a family context that promotes poor diet and other behaviors associated with obesity risk undermines such policies. 56 Our findings are one of the first to indicate that the school context matters over and above the influence of the family, for potentially reducing obesity among adolescents, particularly among disadvantaged populations. 57 Adolescents spend a majority of time in school, may eat several meals and engage in physical activity during this time, and, therefore, time spent in school represents a significant opportunity to influence adolescent development of health and lifestyle behaviors that often persist into adulthood. It will be important to develop health programs tailored to the needs of schools serving disadvantaged populations to reduce the incidence and persistence of socioeconomic disparities in obesity. There is small, but growing, evidence that school-based obesity prevention interventions that include physical activity, nutrition, and healthy lifestyle components, along with modifications to school-provided meals are associated with improvements in health and health behaviors, including reductions in BMI. 58, 59 School programming efforts need funding and incentives to make the changes necessary to address adolescent obesity in disadvantaged schools. Efforts like the Let's Move campaign may help to facilitate these endeavors. 60 
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